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Abstract 
The NDVI of the downstream of Heihe was calculated based on the data derived from Landsat TM/ETM+ images in 
2000, 2001, 2002, 2006, 2009, and 2010. The six images all are same season’s data, the span of time fall short of one 
month, so we can ignore error due to seasonal aspect. After the NDVI was calculated, the land cover was divided into 
five types based on the light of NDVI’s value: the water area, the bare land, the sparse vegetation area, the moderate 
vegetation area and the thick vegetation area. Counting the areas of each grade vegetation zone, and meanwhile 
combining the information of hydrological observation with through the comparison of the different grade vegetation 
area and lake area change before and after water division, the restoring effect of the vegetation in the downstream of 
Heihe can be found out, and this can supply the scientific foundation for the Heihe water-division plan of the next 
step. The monitoring results show that lake area shrink rapidly and the ecological environment of the downstream of 
Heihe kept deteriorating before 2002, but after eleven year water division from upper and middle reaches of Heihe 
river, lake area extension compare quickly, the increment of the sluice is also very obvious, the environment 
deteriorating was alleviated and vegetation was restoring stage by stage. 
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The Heihe river is China's second longest continental river[1]. The Heihe river originated of Qinghai 
province, flows through Zhangye, Linze, Gaotai, Dingxin of Gansu province, entry to Inner Mongolia 
autonomous region[2]. The river called the Ejina river on inner Mongolia boundary. The Ejina river be 
distributed to west and east river, they are the Muren river and the Emunegool respectively. The Muren 
river empties into the West Juyan lake, and the Emunegool empties into the East Juyan lake.The Heihe 
river main stream is 821km, drainage basin area are 14.3×104km2,whole drainage basin composed by 
water flow producing region of river's upstream, water consumed region of river's middle stream, and 
fragile ecological region of river's downstream, see figure 1. 
Figˊ1 The Heihe drainage basin chart 
This region located at hinterland of the Asian continent, its climate belongs to continental climate. 
According to compilation of Inner Mongolia Municipality climate data from 1971 to 2000, mean annual 
precipitation of this area is 35.2mm, and average annual evaporation is 3136.6 mm[3]. So water quantity 
of the Heihe downstream fewer influenced by precipitation. The water quantity mostly determined by 
precipitation of the Heihe upstream and midstream, and water consumption of midstream. 
In recent decades, the midstream area developed industrial and production bases of commodity grain 
rapidly. Entry water quantities of the Ejina banner had been reduced from a thousand millions in 40̚
50th of the 20th century to 200̚300 millions in 90th of the 20th century. Bring about the West Juyan 
lake dried up in 1962 year, and lead to the East Juyan lake shrunk seriously, then dried up all year round 
in 2000 year and 2001 year[1].This also lead up to largely Populus euphratica death and largely grassland 
desertification. 
For increase water quantity of downstream, and then relieve ecological environment degradation of 
downstream area, the State Planning Commission approved the water division plan about the Heihe main 
stream in 1992. the Departments of the State Council and academician inspection tours both conducted 
scientific survey in the Heihe downstream in 1995˗State Department approved the water division plan 
about the Heihe main stream, and established the Heihe Valley Administration in 1997[4].   
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There have been many research about the Heihe river basin, for example, GUO Ni used EOS/MODIS 
data to researched changed of water area of the East Juyan lake, and through comparative analysis of 
vegetation index of the Ejina banner and Gurinai oasis in 2002 year and 2003 year to find that vegetation 
recovery effect of the Heihe river's downstream[1]; GE Xiao-guang make use of NOAA/AVHRR data 
build up liner system model, and simulated that lagging response of NDVI in the Ejina oasis to rnoff in 
the lower reaches of the Heihe river from regional scale[5]. WANG Li make used of TM data of the Heihe 
river's downstream to comparative analysed that the ecological environment change of the Heihe river's 
downstream region before and after of the Heihe river's water division[6].Remote sensing monitor have 
many advantages. Such as fast, macroscopic, accuracy, dynamic, etc. These characterize proved 
effectively ensure for a wide range of ecological environment monitor. For know how does the Heihe 
main stream influence downstream, this paper make use of high special resolution Landsat satellite data 
study change of the Heihe downstream vegetation and the East Juyan surface area. Through this study 
result, we can know how water division influence downstream, and then prove science foundation for 
make a next plan. 
2. Materials and Methods 
2.1 Study area 
Study area roughly within 100°3ƍ0Ǝ̚101°24ƍ0ƎE and 40°53ƍ0Ǝ̚42°31ƍ0ƎN range, it is include the Ejina 
oasis of the Heihe river's downstream, the West Juyan lake and the East Juyan lake, it's area is 
0.6509×104km2,see figure 2.The climate belongs to the typical continental arid climate. Average annual 
temperature is 8.9 , annual temperature poorer is 37.6 ,average annual rainfall is 35.2 mm, average ć ć
annual evaporation is 3136.6 mm, average wind speed is 3.2 m/s, with maximum wind speed of 25m/s, 
most is west wind, the wind days for 38.4 days in a year , average annual sunshine hours for 3098.9, 
annual average sandstorms days is 10.7 days. Grassland type belong to temperature desert grassland, 
vegetations composed by extremely dry habitat shrub and sub-shrubs. This ecological environment 
belong to ecological system of low level of production and fragile. In study area , the Populus euphratica 
forests protection areas of the Ejina oasis is one of the three world Populus euphratica forests area[7], it 
is belong to  national Populus euphraticar forests protection area.  
 
Figˊ2 study area location 
2.2 Data 
We difficult to obtain good image during wet season, so in this paper, we selected four remote sensing 
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images that orbit is 134/31 in September. They are Landsat5-TM in September 10th, 2000; 
Landsat7-ETM+ in August 20th, 2001; Landsat5-TM in September 11th, 2006;Landsat7-ETM+ in 
September 19th, 2009; Landsat5-TM in September 22th, 2010, etc. Because of, growing season already 
passed, and that span of time of four remote sensing images less than one month, we may ignore error due 
to season different.  
Through system rectification and atmospheric rectification can eliminate image spectra brightness 
distortion. Because this region’s relief is inconspicuous, so we were excused from orthorectification, we 
just need to do geometric accuracy rectification. There are some the rule of select GCP point. For example, 
first, must have enough points. Second, these points must distribute well on uncorrected image. Third, 
selected point must be adequate. 
2.3 Method 
The vegetation condition may use NDVI reflect. Normalized Difference Vegetation Index (NDVI) 
calculation is based on the principles of green leaves’ spectral character, which is relatively strongly 
absorbed in the red spectrum of visible light, while is highly reflected in the near-infrared spectrum. The 
calculation formula is as Eq. 1: 
NDVI=˄ȡ4ˉȡ3˅ˋ˄ȡ4ˇȡ3˅                                               (1) 
Where, ȡ3 is the reflectance of red band which is corresponding to the third band of TM data.ȡ4 is the 
reflectance of near-infrared band corresponding to the forth band of TM data. 
In order to facilitate comparative analysis on the differences between different years, The result of 
calculation of vegetation index is divided into four grades, The definition of NDVI < 0.05 for the bare 
land, 0.05NDVI<0.3 for sparse vegetation area, 0.3NDVI<0.6 for moderate vegetation zone, 
NDVI0.6 for thick vegetation zoneǄ 
3. Results 
3.1 Monitoring of vegetation of downstream region 
Monitoring results indicate that, see figure 3,It is clear that ecological environmental degradation of the 
Heihe river downstream has become a very serious situation. Although the Heihe water division begin 
from 2000. However, due to the extreme drought of the runway and low level of underground water,The 
Heihe river's water has vanished in the riverbed before the supply reached East Juyan lake in 2000 and 
2001. Under such circumstance, the image in September 2000 still indicates an on-going deterioration. 
Bare land and sparse vegetation area have still been 6047.68 km2 and 384.118 km2. Meanwhile, moderate 
vegetation area and thick vegetation area have been 19.283 km2 and 0.00875 km2. Bare land area is 
6286.362 km2, sparse vegetation area is 182.723 km2, moderate vegetation area is 19.652 Km2,and thick 
vegetation area is 0 km2 in September 2000. After the second implementation of the water supplying 
project from Heihe in July, 2002, had the water reached the East Juyan Lake and the result is not 
significant till September the same year.Being in bad condition, the bare land area has expanded into 
960.88 km2, sparse vegetation area, together with moderate vegetation area and thick vegetation area have 
been 87.71 km2, 0.52 km2 and 0 km2. Vegetation area is 2% of bare land. We could see very little help of 
the Project to the deterioration. 
Eleven years' water supply by Heihe river welcomes a turning point in the vegetation coverage of the 
Heihe river downstream. Deterioration of the ecological environment was slowed down and the condition 
in this area has been improved. Some facts are shown through analysis and research. First of all, bare 
vegetation area is 5866.714 km2, sparse vegetation area is 453.934 km2, moderate vegetation area is 
90.061 km2, and thick vegetation area is 0.2115 km2 in 2006. Bare land, sparse vegetation, moderate 
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vegetation and thick vegetation areas are 5668.537 Km2, 634.258 Km2, 51.278 Km2 and 0.0288 Km2 
respectively, in september 2009. Bare land of downstream region had been reduced from 6339.984 km2 
in 2002 to 5575.748 km2 in september 2010. Sparse vegetation area growth from 135.088 km2 to 
681.804 km2, moderate vegetation area and thick vegetation area are also growth from 0.9495 km2 and 0 
km2 in 2002 to 121.904 km2 and 0.5562 km2 respectively in 2010. 
 
 
Figˊ3 The changes of vegetation of the Heihe downstream from 2000 to 2010 
3.2 Monitoring of lake surface area 
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With the reduction in runoff, water area of East Juyan Lake is seriously shrunk and turned into an 
intermittent lake. It can be known that by means of the visual interpretation of LANDSAT materials. 
Water area of East Juyan Lake is fully dried up during the year 2000 and 2001.Distctive changes could be 
seen through the reduction in time of the water accumulation and the reduction in the amount of water 
accumulation. After the implementation of Heihe water supplying project in 2000, dramatic change has 
happened to the water area of the East Juyan Lake. It varies from 0 km2 in 2000 to 7.73 km2 in September, 
2002. And it is 37.41 km2 in September, 2006.It has extended into46.39 km2 in September, 2009. It is 
44.74 km2 in September, 2010, see figure 4. 
Figˊ4 The change of lake area in the East Juyan from 2000 to 2010 
3.3 Monitoring of the Ejina oasis 
Through analysis we can know, see table1 and figure 5,from 2000 year to 2002 year, the ecological 
environment of the Ejina oasis still indicates an on-going deterioration. Bare land area had been increased 
from 760.006 km2 in September 2000 year to 920.569 km2 in September 2002 year. Sparse vegetation 
area and moderate vegetation area had been decreased from 226.05 km2 and 13.671 km2 in September 
2000 year to 86.923km2 and 0.4932km2 in September 2002 year respectively. 
Eleven years’ water supply by Heihe River welcomes a turning point in the vegetation coverage of 
Ejina Oasis. The degradation of ecological environment got was slowed down and the condition in this 
area has been improved. Some facts are shown through analysis and research. Bare land area of 
600.273km2 in September 2010 year were 34.8% lower than those in September 2002 year. Sparse 
vegetation area had been increased from 86.923km2 in September 2002 year to 309.563km2 in 
September 2010 year. Moderate vegetation area and thick vegetation area had been increased from 
0.49km2 and 0 km2 in September 2002 year to 84.25km2 and 0.0567km2 in September 2010 year 
respectively. So we can say that bare land area decreased obviously, and vegetation region had been 
increased, the ecological environment of the Ejina oasis recovered obviously. 
 
Table 1 The changes of vegetation of the Ejin oasis from 2000 to 2010˄Km2˅ 
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grade 
year 2000 2001 2002 2006 2009 2010 
Bare land 760.006 882.168 920.569 693.181 636.183 600.273 
Sparse vegetation 226.05 116.525  86.923  248.593  317.354  309.563  
moderate vegetation 13.671 12.297  0.4932 60.566  35.591  84.25  
thick vegetation 0 0 0 0.0369 0 0.0567 
 
 
Figˊ5 different brackets grade vegetation the area variety 
4. Discussion 
Ecology environment of the Heihe river's downstream is mainly dependent on the water supply of the 
downstream of Heihe River. Before the water of Heihe River reach East Juyan Lake, whole the Heihe 
river's downstream region had been degradation obviously. Through eleven years’ water supply by Heihe 
River welcomes a turning point in the vegetation coverage of the Heihe river's downstream. Deterioration 
of the ecological environment was slowed down and the condition in this area has been improved. 
The downstream drainage of Heihe is dry desert area. Its eco-system is so fragile that once it is broken, 
it would be hard to recover. For this reason, we should have an overall planning on water resource of 
middle and downstream of Heihe River to achieve a harmonious development in industrial and 
agricultural field as well as ecology.  
Acknowledgement 
We gratefully acknowledge support for this research by the Chinese National Natural Science 
Foundation(60762004 and 40561010).* corresponding author at: Geographical science college of Inner Mongolia 
normal university, Inner Mongolia Hohhot 010022, China. Tel.:+86 04714393235.   
References 
>@ GUO Ni, LIANG Yun, and WANG Xiao-ping. Remote sensing monitoring and analysis on effect of environmental 
recovery in lower reaches of Heihe River due to re-distributing runoff. Journal of Desert Research, Vol.24: 740-744, (2004) (in 
Chinese). 
>@ GUO Ni, YANG Lan-fang, WANG Juan-li. A study of ecological environment in Heihe valley area through 
meteorology satellite monitoring.Plateau Meteorolog, Vol.21(3):267-273,  (2002)(in Chinese). 
2392   Yu-shan CHANG et al. /  Procedia Environmental Sciences  10 ( 2011 )  2385 – 2392 
  
>@ Duwala, DENG Xiao-dong, Yu-shan, Nashun, GUO Rui-qing. Remote sensing monitoring on vegetation restoration of 
Ejina Oasis after Heihe River’S water diversion. Arid Meteorology, Vol.26(4):67-70,(2008)(in Chinese). 
>@ GONG Jia-dong, CHENG Guo-dong, ZHANG Xiao-you, XIAO Hong-lang, and LI Xiao-yan. Environmental changes 
of Ejina region in the lower reaches of Heihe River. Advance in Earth Sciences, Vol.17: 491-494, (2002)(in Chinese). 
>@ GE Xiao-guang, XUE Bo, WAN Li, HU Fu-sheng. Modelling of lagging response of NDVI in Ejina Oasis to rnoff in 
the lower reaches of Heihe River. Scientia Geographica Sinica, Vol.29(6): 900-904, (2009)(in Chinese). 
>@ WANG Li, MA Ying-ping, YANG Guo-xian. Remote sense analysis of the ecological environment for the Heihe river 
downstream.Yellow River, Vol.31(12):9-10, (2009)(in Chinese). 
>@ Mei-rong. Study on wetland change and its drive factor in Ejina based on modern spatial information technology. Inner 
Mongolia Normal University,(2004)(in Chinese). 
 
